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ABSTRACT
Falls are a serious threat to older adults' quality of life. Evidence is lacking regarding
the influence of diet on fall risk factors. This study aims to assess the relationship between diet,
functional measures, and fall risk among older adults participating in a fall-prevention
intervention. Cross-sectional analysis of baseline data from 192 participants with an average
age of 70.9 years was conducted using Chi-square tests, t-test, Wilcoxon test, and nominal
logistic analysis. Based on Dietary Screening Tool (DST) scores, 39.5% of participants were
classified as nutritionally being “at-risk,” 46.1% were at “possible-risk,” and 14.4% were “notat-risk.” Fall risk was assessed using the Stopping Elderly Accidents, Deaths, and Injuries
(STEADI) classifications. There were no significant associations between the “not at fall risk”
group and “at fall risk” groups in terms of DST total score (p=0.97), protein score (p=0.27),
multivitamin use (p=0.73) and DST risk categories (p=0.64). In the correlation analysis, the
DST total scores had a positive correlation with total physical activities (r=0.1648, p=0.029),
and a negative correlation with body mass index (BMI) (r=-0.1496, p=0.04) and depression
(r=-0.1433, p=0.048). In the nominal logistic analysis, neither of the primary predictors, total
DST score or DST protein score, showed significance with STEADI fall risk categories. In
each model, the Four-Square Step Test (FSST), an indicator of greater risk of future falls, had
the closet likelihood ratio test to the statistical trend as the major component associated with
STEADI risk categories. A significant relationship between diet, functional measures, and fall
risk was not detected.
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CHAPTER 1: INTRODUCTION
Falls are a serious threat to older adults' quality of life [1]. Falls and fall-related injuries
are associated with decreased mobility, loss of independence, and fear of falling [1]. Over 3
million older adults are treated in emergency departments [2]. Medical costs related to falls are
nearly $50 billion annually [3]. Because some falls are preventable, a nationwide fall
prevention initiative called Stopping Elderly Accidents, Deaths, and Injuries (STEADI) was
created to guide health care providers in implementing evidence-based clinical care guidelines
in the growing older adult population.
To reduce falls, the American Geriatrics Society/ British Geriatrics Society (AGS/BGS)
created clinical practice guidelines for fall prevention [4]. The Centers for Disease Control and
Prevention (CDC) adopted AGS/BGS’s clinical practice guidelines and used them to develop
a toolkit for use in primary care. The STEADI initiative has three core elements: 1) screening
patients for fall risk, 2) assessing modifiable fall risk factors, and 3) offering interventions to
reduce fall risk [3]. Modifiable fall risk factors include functional measures of gait, muscle
strength, balance, and vitamin D [5].
Nutrition factors such as diet quality, protein intake, dairy intake, and vitamin D intake
can contribute to the improvement of functional measures including muscle strength [6–8],
lower body strength [7,9], balance [9], mobility [9], and physical performance [9,10] and
reduction in fall risks [11,12]. Inadequate protein intake (0.8g/kg/day) or low vitamin D level
can contribute to the loss of muscle mass and strength [5,6], which have been associated with
increased fall risk [15]. This study aims to determine if there is a relationship between nutrition
risk assessed by the Dietary Screening Tool (DST) and functional measures and fall risk among
older adults participating in a fall-prevention intervention.
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CHAPTER 2: LITERATURE REVIEW
The primary purpose of this narrative literature review is to detail what is known about
the association between diet quality and functional measures and fall risk among communitydwelling older adults.
Fall Risk in Older Adults
A fall is defined as any unintended non-medical event resulting in a person finding
themselves on a lower supporting surface [5]. Fall risk is potentially modifiable; thus, it can be
prevented. Modifiable fall risk factors include physical inactivity, lower extremity weakness,
poor balance, improper assistive device use, taking medications, orthostatic hypotension,
vitamin D deficiency, poor vision care, fear of falling, depression, social isolation, and home
hazards [5]. Unmodifiable risk factors include advanced age (> 65 years old), history of falls,
being female, polypharmacy, low vision, poor sensation in feet/legs, ethnicity (non-Hispanic
whites and Asian), chronic diseases, and low cognition [5].
Health care providers (i.e., physicians, nurse practitioners, physician assistants,
physical therapists, or nurses) evaluate the modifiable fall risk factors and then may
recommend an evidence-based fall-prevention program such as Tai Ji Quan: Moving for Better
Balance® [5]. Fall prevention programs generally aim to reduce fall risk by increasing physical
activities aimed at improving lower extremity weakness and balance problems [5]. A
randomized clinical trial applied a Tai Ji Quan intervention in older adults (n=670) with a
history of falls or impaired mobility [16]. After six months, falls were reduced by 31% for the
older adults who participated in the program [16]. Other interventions include reducing
medications linked to falls, improving home safety, referring patients to an eye specialist in
hopes of improving vision, and optimizing other fall conditions [3].
There are various fall screening tools that can be used in the geriatric population. In
2011, the AGS/BGS conducted a literature search that included meta-analyses, systematic
2

literature reviews, randomized controlled trials (RCTs), controlled before-and-after studies,
and cohort studies to provide recommendations for fall prevention [4]. The CDC adopted
clinical guidelines from the AGS/BGS to develop and created STEADI with an algorithm [3].
The CDC established the STEADI initiative to implement the AGS/BGS fall-prevention
guidelines [4].
The STEADI initiative suggests using one of two methods to screen for falls risk, a 12question Stay Independent questionnaire or three key questions about fear of falling and fall
history. In those who screen at risk for falls, an assessment is completed to identify modifiable
risk factors. Fall risk assessments usually include measures of balance (i.e., the Mini Balance
Evaluation Systems Test, Berg Balance Scale) and gait (i.e., Tinetti Performance Oriented
Mobility Assessment, Timed Up and Go test (TUG), and 10-m Walk Test) [5]. The STEADI
initiative includes an assessment to identify the mobility problems [5] and other functional
measures such as the 30-Second Chair Stand test for muscle strength and the 4-Stage Balance
test for measuring balance.
The Internal Medicine and Geriatrics Clinic at Oregon Health & Science University
implemented and incorporated STEADI in a primary care setting to help primary care providers
identify fall risk [17]. Seven hundred seventy-three patients were screened over six months,
and 109 patients received the interventions related to gait, vision, feet, orthostatic blood
pressure, vitamin D, and medications [17]. Data from the National and Health Aging Trends
Study attempted to operationalize and validate the STEADI fall risk among older adults
(n=7,392) [18]. Participants classified as having fall risk had greater odds of falling (2.62, 95%
CI: 2.29, 2.99, and 4.76, 95% CI: 3.51, 6.47) [18]. Thus, STEADI was identified as a validated
tool for identifying fall risk in older adults [18].
Diet Quality and Fall Risk
Lower diet quality indicated the loss of muscle mass or weakened muscle strength [9],
3

which can lead to increased fall risk [19]. Higher diet quality can lead to decreased fall risk. A
study of Korean adults aged  65 years (n=3,675), higher diet quality measured using the
Korean Healthy Diet Eating Index, and the Alternate Mediterranean Diet, was associated with
higher grip strength in both men and women [20]. Multivariate odds ratios showed that higher
diet quality had a significantly lower odds of low grip strength (men < 28.6 kg and women <
16.5 kg) (p< 0.05) [20].
Grip strength is the indicator of muscle strength [9]. In a review of literature on the
relationship between diet quality and functional measures, eleven studies assessed participants
for grip strength, and fifteen studies assessed other functional measures (i.e., gait speed, TUG,
and balance) [9]. Among the eleven studies examining muscle strength, there is weak evidence
of a positive association between diet quality and muscle strength. On the other hand, there is
evidence of a positive association between other functional measures (i.e., gait speed, TUG,
and balance) and diet quality [9].
In a study of community-dwelling older adults (n=171) without walking difficulties,
associations between diet quality, fall risk, physical function, physical activity, and body
composition were examined. The subjects reported falls that had occurred over the previous
twelve months [21]. Diet quality was assessed using the Health Diet Indicator (HDI) and the
Healthy Eating Index (HEI). Fall risk was assessed by the Activities-specific Balance
Confidence and Falls Efficacy Scale – International (FES-I). The results showed a weak
positive association between diet and fall risk assessed using the Activities-specific Balance
Confidence in only the male participants (r=0.26, p=0.03) and between diet measured via the
HDI and FES-I (p=0.04) in only the male participants. There was a weak negative association
between HDI and body mass index (BMI) (r=-0.21, p=0.04) in the female participants. As there
were significant findings when the participants were differentiated by gender, the findings of
associations between diet quality and fall risk were gender-specific.
4

Physical inactivity is identified as a fall risk factor; thus, the United States Preventive
Services Task Force (USPSTF) recommends exercise interventions for fall prevention [22]. In
a cross-sectional study, older adults (n=819) at least 85 years old were examined to determine
the association between dietary intake and physical activity [23]. Diet was assessed using the
Elderly Diet Index score, and physical activity was assessed using the International Physical
Activity Questionnaire, which asked the time and number of days spent engaging in physical
activity of light, moderate, and vigorous intensity. The scores of the Elderly Diet Index are
based on intakes of meat, fish and seafood, vegetables, cereals, fruits, legumes, and olive oil.
The higher scores in the Elderly Diet Index indicated better diet quality. Higher Elderly Diet
Index scores were associated with physical activity of at least 150 min of moderate-intensity
aerobic physical activity or at least 75 minutes of vigorous-intensity aerobic physical activity
throughout the week (OR = 4.99; 95% CI 3.20 to 7.70). Elderly participants who had a higher
diet score had about five times the odds of doing 75 minutes of vigorous exercise during the
week than those with a lower diet score [23].
Protein Intake and Fall Risk
Inadequate protein intake (< 0.8g/kg/day) was associated with the loss of muscle mass
and strength [5,6], which can lead to increased fall risk [13,14]. Studies assessing associations
between protein intake and grip strength show conflicting results [7,8,24]. Two studies found
that women with higher protein intake had higher grip strength. In a study (n=4,123) that
utilized the National Health and Nutrition Examination Survey, the associations between
protein intake and grip strength among adults aged 51 years or older were assessed [24]. The
statistical model analysis was adjusted for age, race/ethnicity, smoking status, self-reported
health status, energy-adjusted protein intake, and physical activity [24]. A positive association
was found between grip strength and protein intake in women with protein intakes in third and
fourth quartiles (mean intakes of 71.4 and 104.1 g, respectively) compared to the lowest
5

quartile (33.6 g) (p < 0.05) [24]. In a cross-sectional study (n=554) on women aged 65 years
or older, researchers examined the associations between protein intake and the functional
measures handgrip strength and gait speed [7]. In the linear and logistic regression models,
women with higher protein intake (≥1.2 g/kg body weight) had better performance in handgrip
strength (p=0.001) and gait speed (p=0.005) compared to women with lower protein intake
(0.81 – 1.19 g/kg body weight and ≤0.8g/kg body weight) at baseline. However, the regression
model, which controlled fat mass, showed no significance in associations between protein
intake and grip strength or gait speed [7].
In the Framingham Offspring Cohort of older adults (n=1,746), protein intake greater
than 63 g per day, measured by the Willet Food Frequency Questionnaire, was protective
against the loss of grip strength per year (p < 0.05) [8]. In a cross-sectional study of communitydwelling older adults (n=140), researchers examined the associations between protein intake
measured by two 24-hour recalls and functional measures, including the Five Times-Sit to
Stand (FTSTS) test, gait speed, and physical activity. The study found no associations of total
protein intake with gait speed, FTSTS, and handgrip strength based on the adjusted linear
regression models [25].
Studies examining associations between protein and fall risk were also reviewed.
Another Framingham study (n=807) investigated the association between dietary protein intake
and the rate of falls [26]. Protein intake was analyzed as tertiles, which were regressed on total
energy intake. The result showed that protein intake was not protective against the odds of falls
(p-value range: 0.12 – 0.50). Total protein intake was associated only when tertile two was
compared to tertile one. (RR tertile 2: 0.79, 95% CI: 0.55–1.13, RR tertile 1: 0.69, 95% CI:
0.48–0.99). Participants with higher protein intake had a 10% decreased fall risk. However, the
association between higher protein intake, total and animal protein intake, and lower odds of
falls was significant among participants with a weight loss of at least 5% (RR tertile 2: 0.46,
6

95% CI: 0.22–0.93, RR tertile 1: 0.53, 95% CI: 0.30–0.93, p-value=0.03). Higher protein intake
had a 10% lower risk of falls among the participants with weight loss [26].
The relationship between protein intake and falls among older women was examined.
The diets of older women (n=4,369) were assessed using the Block Food Frequency
Questionnaire and self-reported falls [27]. Women with higher protein intake (≥ 0.8g/kg) had
more falls in the past four months than women with lower protein (< 0.8g/kg) intake (falls: 935
vs. 519, p=0.043). Increasing 1g/kg (50g per day) of dietary protein was significantly
associated with an increased risk of falls (OR: 1.35, 95% CI: 1.15-1.59, p <0.001). In other
words, for every 50 g increase in protein intake per day, there were 22% increased odds of
falling [27]. This finding is in agreement with another study, in which having a high intake in
animal protein over vegetable protein was associated with an increased rate of bone loss and
the risk of fracture [28], while increased bone loss can subsequently lead to increased fall risk.
In a Spanish community-dwelling cohort of adults aged 60 years or older (n=2,464),
there were no associations between protein intake and fall risk (p = 0.14), but negative
associations were found among participants (6.6%) with unintentional weight loss where
participants with unintentional weight loss had three times higher fall risk compared to the
participants without unintentional weight loss (p = 0.01) [29]. In a short-term intervention study
of malnourished older adults (n=210) in an inpatient hospital setting, the effects of protein and
vitamin D on falls were examined [30]. Participants were classified as malnourished if BMI
was 20.0 kg/m2 or less if they had 5% or more of self-reported unintentional weight loss in the
previous month, or 10% or more of self-reported unintentional weight loss in the previous six
months. The participants were given energy- and protein-enriched diets with approximately
250 kcal and 10g of protein, two additional servings per day of an ONS (Nutri-drink), which
provided 600 kcal, 24g protein, 176 IU vitamin D3 and 364 mg calcium for a total of six weeks
[30]. They also had a combined 400 IU of vitamin D3 and 500 mg of calcium supplements per
7

day. Dietary intake was calculated via a nutritional analysis software application and the Dutch
Food Composition Table. The inpatient participants were asked to report any fall incidents that
occurred in the hospital. Ten percent of the intervention group and 23% of the control group
had at least one fall incident (hazard ratio = 0.41, 95% confidence interval (CI) = 0.19–0.86,
p=0.02). In conclusion, the short nutritional intervention of malnourished older adults led to
reduced numbers of fall incidents [30]. The Framingham study showed that higher protein
intake was associated with a reduced risk of falls [26]. On the other hand, two studies showed
no association between protein intake and falls, and two studies demonstrated higher protein
intake related to the risk of falling.
Vitamin D and Fall Risk
Sufficient vitamin D status has been associated with increased muscle mass and
strength [31]. Stopping Elderly Accidents, Deaths, and Injuries (STEADI) recommends giving
vitamin D to older adults with vitamin D deficiencies based on the systematic review about the
effects of vitamin D on falls [32]. The clinical review evaluated 26 studies with participants
given a vitamin D supplement. There was a significant reduction in fall risk in participants who
were supplemented with vitamin D (OR who were at risk of suffering at least one fall, 0.86;
95% CI, 0.77– 0.96).
High dosages of vitamin D can increase the number of falls according to a 1-year,
randomized, prospective, placebo-controlled clinical trial [32]. The participants of that clinical
trial were older Caucasian and African American postmenopausal women with an age range of
57 to 90 years old. Baseline fall history and quarterly fall events were self-reported. Participants
were randomly assigned to one of seven vitamin D dose groups (Vitamin D3 400-, 800-, 1,600-,
2,400-, 3,200-, 4,000-, and 4,800-IU) or the placebo group. The participants taking dosages of
1,600, 2,400, or 3,200 IU had decreased falls, and participants with low dosages showed no
decrease in fall incidences (p=0.020). The participants with a high vitamin D dosages also did
8

not show a reduction in falls compared to the placebo group (p=0.55) [33]. The subgroup with
a fall history demonstrated fall rates 68% on a low dose, 27% on a medium dose, and 100% on
a high Vitamin D dose [33].
In 2012, the USPSTF recommended vitamin D supplementation to community-dwelling
at risk for falls [34]. In 2018, the USPSTF conducted a review of the literature and found that
data was not sufficient to continue to recommend vitamin D supplementation to prevent falls
[22]. Thus, the USPSTF updated its recommendation to say that vitamin D is not recommended
for fall prevention in community-dwelling older adults [22]. The STEADI initiative includes
recommendations for vitamin D when appropriate [32].
Dietary Screening Tool (DST)
The DST is a 24-question dietary assessment tool validated for use in middle-aged [35]
and older adults [36,37]. It is designed to characterize the overall dietary patterns of older adults
into three categories based on nutrition risk [36]. Higher scores on the DST indicate greater
adherence to the US Department of Agriculture's 2005 Dietary Guideline [36]. The DST
consists of food behavior questions and can be completed within 10 minutes. The studies which
used the DST reported that older adults had no difficulty with the completion of the DST
[36,37]. The comparison of nutrition risk with the DST based on the Dietary References Intakes
showed an 83% sensitivity, 75% specificity, and 75% positive predictive value [37]. Thus, the
DST was selected and utilized by our study to evaluate the diet quality and nutrition risk of the
community-dwelling older adults.
The total DST scores can range from 0 to 105, and higher points indicate higher diet
quality. The groups are categorized as “at-risk” (< 60), “possible-risk” (60-75), and “not-atrisk” groups (>75) [39]. The proportion of participants in each nutrition risk group has varied
between studies.

In most of the studies, the “possible-risk” group had the highest percentage

of participants, followed by the “at-risk” group and then the “not-at-risk” group. In a study of
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Supplemental Nutrition Assistance Program participants (n=275), 43% were “at-nutrition risk”,
45% were “at-possible-risk,” and 12% were “not-at-risk” [38]. In a cross-sectional study of
participants who attended community-based nutrition education and physical activity program
(n=204), 28% were “at-risk,” 46% were at “possible-risk,” and 26% were “not-at-risk” based
on their total DST scores [39]. When DST is used in the middle-aged population (n=87), a
larger proportion was at nutrition risk (64.6%) than at “possible-risk” or “not-at-risk” (35.4%)
compared to other studies in older adult populations [35].
Other studies that used DST showed nutrition risk associations. In a study of
community-dwelling older adults (n=203), nutrition risk was determined by the DST; 28%
were “not-at-risk” 46% were at “possible-risk,” and 26% were “at-risk.” The “at-risk” group
had higher scores on the GDS than the “possible-risk” and “not-at-risk” groups. For age and
BMI, the “at-risk” group was not statistically different from the “possible-risk” and “not-atrisk” groups. In a Geisinger Rural Aging study (n=122) of the oldest old participants (aged
≥80 years), 49% were “at-risk,” 41% were at “possible-risk,” and 10% were “not-at-risk” [37].
There were no statistical differences in age, BMI, or depression among these groups [37].
Another Geisinger Rural Aging study (n=4,009) underweight participants had lower DST
scores than normal-weight participants, but no differences were detected in overweight or
obese participants [40].
Conclusion
Figure 1 summarizes the relationship of diet (i.e., diet quality, protein intake, and
vitamin D intake) with functional measures, physical activity, and falls from this literature
review. Diet quality was associated with muscle mass [9], grip strength [9,20], lower body
strength [9], balance [9], mobility [9], physical performance [9], and physical activity [23].
Also, diet quality was negatively correlated with fall risk [41]. Protein intake was associated
with muscle mass [42], and grip strength [43]. A cross-sectional study did not find an
10

association between protein intake and other functional measures (FTSTS, gait speed, and TUG)
[25]. Another Framingham Cohort study found that high protein intake was associated with
decreased fall risk [26]. Dairy intakes were associated with muscle mass and grip strength [44].
Sufficient vitamin D status has been associated with increased muscle mass and strength [31].
Muscle mass [19], grip strength [19,45], lower body strength [46] , balance [47], mobility [48],
physical performance [49,50], physical activity [51] have all been associated with fall risk.
Thus, the aim of this study was to investigate the associations between nutrition factors and fall
risk to contribute to the current literature.

Diet

Functional Measures

Fall Outcomes

Muscle Mass
Protein

Dairy

Diet Quality

Muscle Strength
(Handgrip strength)
Lower Body Strength
(Five Times Sit-to Stand
test)

Falls

Balance
(Four-Square Step test)
Mobility
(Timed Up and Go test)

Vitamin D

Physical Performance
(Gait Speed)
Physical Activity

Figure 1. Relationship of Diet with Functional Measures, Physical Activity, and Falls
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CHAPTER 3: METHODS
Study Design and Participants
In this cross-sectional study, baseline data were analyzed from a sample (n=192) of
community-living older adults participating in an evidence-based, community-delivered, fallprevention intervention for which dietary data were available. The primary purpose of the fall
prevention intervention was to evaluate the adoption of an evidence-based Tai Chi exercise
program by rural faith-based organizations (FBO) in West Virginia [52]. The Institutional
Review Board at West Virginia University approved the study protocol, and all of the
participants provided written informed consent. Results and recruitment details are described
elsewhere [52]. Briefly, adults 55 years of age and older were recruited from 20 FBOs in West
Virginia using brochures, press releases, newspaper articles, word-of-mouth, and snowball
sampling [52]. The flow of participants for this study is provided in Figure 2.

Enrollment

Assessed for eligibility (n = 263)
Excluded (n = 26)
•
Declined to participate

Enrolled (n=237)
14 did not start intervention
•
Unknown (n=8)
•
Health reasons (n=4)
•
Death in family (n=1)
•
Schedule conflict (n=1)

Allocation

Received the Intervention/Baseline Data
Available (n=223)
Excluded (n=31)
•
Missing DST data

Analysis

Analyzed (n=192)

Figure 2. Recruitment Flow Chart
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Outcome Measures
Diet Assessment
Diet was assessed using the DST, a 25-item questionnaire validated for use among
rural older adults [39] and middle-aged adults in West Virginia [35]. The diet factors analyzed
for this study included overall diet quality, nutrition risk, protein intake, and multivitamin use
as a proxy measure for vitamin D intake. To obtain an overall diet quality score, the DST was
scored based on the published algorithm [36]. Subcomponent scores were assigned to seven
food categories. Maximum points were given for higher intakes of whole fruit and juices (15
points); vegetables (15 points); total and whole grains (15 points); lean proteins (10 points);
dairy products (10 points); and lower intakes of added fats, sugars, and sweets; (25 points) and
processed meats (10 points). Five additional points were added if the individual took a
multivitamin and mineral supplement. The scores from each food category were summed for a
total diet quality score, which could range from 0 to 105 points with higher points indicating
better adherence to a healthy dietary pattern.
Total DST scores were then categorized into three nutrition risk categories based on
the cut-points in the validation study: “at-risk (<60)”, “possible-risk (60-75)”, and “not-at-risk
(>75)” [39]. For analysis of protein intake, the DST scores for processed meats were inversely
calculated to assign higher scores to higher intakes. This calculation differs from how the
processed meats were calculated for determining total DST or diet quality scores. For
calculating diet quality, higher intakes of processed meats yield lower scores due to their
sodium content. Total protein scores ranging from 0-30 points were determined by summing
lean proteins, dairy products, and processed meats. The use of a multivitamin and mineral
supplement was used as a proxy measure for vitamin D intake.
Functional Measures and Physical Activity Assessment
Four fall-related functional measures were assessed: muscle strength, gait speed,
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balance, and mobility. Muscle strength was assessed by handgrip strength [53] and lower
extremity muscle strength [46]. Handgrip strength was measured using a hydraulic hand
dynamometer (Jamar™, Preston, Jackson, Missouri). Measures (kg) were taken in triplicate
per hand, and the maximum value was used for analysis. Values ≤ 25.8 kg for men and ≤ 17.4
kg for women indicated lower muscle strength [54]. Lower body muscle strength was assessed
using the FTSTS [46]. The FTSTS test measures the number of seconds it takes for a person to
stand from a seated position five-times. Participants with values > 15 seconds were classified
as having a greater risk for one or more future falls [3]. Gait speed was measured by the 5Meter Walk Test (meters/second) were performed two trials at a normal comfortable pace [53].
Average values < 1 m/s indicated greater risk of one or more future falls [55,56]. Balance was
measured (seconds) using the Four-Square Step Test (FSST). Two PVC pipes were tied
together in the shape of a cross. Participants were timed as they stepped over the pipes in a
clockwise and then a counterclockwise direction without touching the pipes. The test was
performed twice, and the lowest (i.e., best) value was used for analysis. Values > 15 seconds
were classified as having a greater risk of being a multiple faller [57]. The TUG measured the
length of time (seconds) it took for a person to stand, walk 3 meters, turn around, walk back to
the chair, and sit down. [48]. Values greater than or equal to 12 seconds a greater risk of one
or more future falls [3].
Physical activity was assessed using four questions from the 2006 National Health
Interview Survey (NHIS): 1) how many days per week do you do vigorous leisure-time
physical activities for at least 10 minutes that cause heavy sweating or large increases in
breathing or heart rate?, 2) about how long do you do these vigorous leisure-time activities
each day?, 3) how many days per week do you do light or moderate leisure-time physical
activities for at least 10 minutes that cause only light sweating or a slight to moderate increase
in breathing or heart rate?, and 4) about how long do you do these light, moderate leisure-time
15

activities each day? [58]. Participants reported the number of minutes per day for two levels of
activity: light/moderate and vigorous. Total activity time was calculated as [minutes of
light/moderate activities + (2 x the minutes of vigorous activities)].
Fall Risk Assessment
Fall risk was dichotomized into two risk groups, “not at fall risk” or “at fall risk,” by
applying collected data to the STEADI algorithm, as shown in Figure 3. Participants were
screened using the following three questions: ‘Have you fallen in the past year?’, ‘Are you
worried about falling?’ and ‘Do you feel unsafe or unsteady while walking?’.
Participants were classified into an “at fall risk” group if they answered yes to any one
of the three questions as per the STEADI instructions.

SCREEN
Did the participant answer “yes” to any of the following?
Have you fallen in the past year? (n=74)
Are you worried about falling? (n=86)
Do you feel unsafe or unsteady while walking? (n=41)

If “no” to all questions,

If “yes” to any of questions,

SCREENED NOT AT RISK FOR FALLS

SCREENED AT RISK FOR FALLS

(N=65)

(N=115)

Figure 3. Stopping Elderly Accidents, Deaths, and Injuries (STEADI) Algorithm for
Determining Fall Risk Categories: “not at fall risk” and “‘at fall risk.” After answering all three
questions, the participants were placed in either STEADI fall risk categories.
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Potential Confounding Variables
Participants reported socio-demographic data via a questionnaire: age, gender,
race/ethnicity, education level, and income level. Participants were asked via the baseline
questionnaires regarding health concerns such as taking four or more medications per day,
arthritis, diabetes, Parkinson's disease, and incontinence. Those health concerns were
considered as the potential confounding variables.
Height was measured in inches using the Seca 213 stadiometer. Weight was measured
in pounds using a Tanita BC-350 scale. BMI was calculated as weight (lbs) / height2 (inches)
x 703 [59] and classified using National Heart, Lung, and Blood Institute classifications [60].
Waist circumference was measured using a non-stretchable tape in centimeters (cm) [58].
Values >102 cm for men and >88 cm for women were categorized as ‘at risk’ for having type
2 diabetes, hypertension, and cardiovascular disease using National Heart, Lung, and Blood
Institute (NIH) classifications [60].
Depression was assessed using the GDS, which has been validated for use in older
adults [61]. Participants answered fifteen questions, and one point was assigned to each ‘yes’
response. Scores were summed to attain a total score ranging from 0 to 15 and categorized
participants into one of the following categories: normal (0-5 points), suggests depression (69) and indicates depression (10-15) [61]. Cognitive impairment was assessed using the SixItem Screener (SIS) tool [62]. Participants answered six questions consisting of a three-item
recall (i.e., apple, table, penny) and a three-item temporal orientation (i.e., day of the week,
month, year). One point was assigned to each correct response [63]. Total possible cognition
scores ranged from 0 – 6 with higher scores indicating better cognition [63].
Analyses
Associations of sociodemographic and health-related characteristics with the DST
were estimated using the Chi-square test for categorical variables, t-test for normalized
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continuous variables, and Wilcoxon test for unnormalized continuous variables. Associations
of diet quality, protein intake, vitamin D intake, DST nutrition risk categories, fall risk factors,
functional measures, and physical activity with STEADI were estimated using Chi-square tests
for categorical variables and t-test for normalized continuous variables and Wilcoxon test for
unnormalized continuous variables. Continuous variables are presented as means ± standard
deviations, and categorical variables are presented as counts with percentages. Correlation of
DST total scores and protein score with fall risk factors was determined using Spearman's
correlation test for not normally distributed variables. Multivariate analysis was conducted by
using the nominal logistic regression model utilizing covariates determined in previous
bivariate analyses. The risk of fall was predicted, and odds ratio of “fall risk” to “no fall risk”
were determined while adjusting for the covariates. Data were analyzed using JMP software
(JMP®, Version Pro 14.0, Copyright ©2018). Significance criterion alpha for all tests was 0.05,
and a statistical trend was declared when p<0.1.
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CHAPTER 4: RESULTS
Participant Characteristics
Table 1 shows the baseline characteristics of the study sample (n=192) by DST
categories. On average, the participants were 70.9 ± 9.0 years old. They were predominantly
female (81.8%) and non-Hispanic White (85.9%). The majority (92.1 %) had at least a high
school education, and 41.7% had an annual income between $25,000 and $49,999. The average
BMI was 30.47 ± 6.54, and a majority (65.8%) had an elevated waist circumference. Ninetyone percent were normal in the GDS category.
Table 1. Baseline Characteristics among Participants (N=192) of a Falls Prevention Intervention by DST
Nutrition Risk Category
Total (n=192)

Not-at-Risk
(n=28)

Possible
risk (n=87)

At-risk
(n=77)

p-value1

Sociodemographic Variable
Age
70.86 ± 9.0
72.27 ± 9.37 71.05 ± 8.81 70.12 ± 9.13
p=0.52
Gender
15 (17.2%)
Male
35 (18.2%)
4 (14.3%)
16 (20.8%)
p=0.71
72 (82.8%)
Female
157 (81.8%)
24 (85.7%)
61 (79.2%)
Race/Ethnicity: Non-Hispanic
75 (86.2%)
165 (85.9%)
24 (85.7%)
66 (85.7%)
p=0.61
white
Education level
7 (8.1%)
Less than high school
15 (7.9%)
0
8 (10.5%)
p=0.014
34 (25.9%)
High school completed
81 (42.6%)
7 (25.9%)
40 (52.6%)
46 (52.9%)
More than high school
94 (49.5%)
20 (74.1%)
28 (36.8%)
Income
15 (17.2%)
> $25,000
43 (22.4%)
4 (14.3%)
24 (31.2%)
38 (43.7%)
$25,000 to $49,999
80 (41.7%)
13 (4.64%)
29 (37.7%)
p=0.33
26 (29.9%)
 $50,000
49 (25.5%)
7 (25.0%)
16 (20.8%)
8 (9.2%)
Did not respond
20 (10.4%)
4 (14.3%)
8 (10.4%)
BMI2
Normal weight (18.5-24.9)
16 (18.8%)
35 (18.6%)
7 (25.9%)
12 (15.8%)
p=0.69
2
kg/m
)
Overweight (25.0-29.9)
32 (37.7%)
64 (34.0%)
7 (25.9%)
25 (32.9%)
2
kg/m
)
36 (42.3%)
Obesity
(≥30 kg/m2)
88 (46.8%)
13 (48.2%)
39 (51.32%)
50 (59.5%)
WC, ‘At Risk’ 3
123 (65.8%)
18 (66.7%)
55 (72.4%)
p=0.23
5.61 ± 0.07
Cognition (0-6)
5.73 ± 0.63
5.82 ± 0.12
5.80 ± 0.07
p=0.11
1.78 ± 0.23
Depression
2.10 ± 2.2
1.57 ± 1.89
2.66 ± 0.25
p=0.014
Values are mean  SD or n (%). N=192 except for education level (n=190) and depression (n=191).
Abbreviations: BMI = Body Mass Index; DST = Dietary Screening Tool; FTSTS = Five Times Sit-to-Stand;
FSST = the Four-Square Step Test; TUG = Timed Up and Go test; STEADI = Stopping Elderly Accidents,
Deaths & Injuries. 1 Significance criterion alpha for all tests was 0.05; statistical trend was declared when
p<0.1 with t-test for normalized continuous variables and Wilcoxon test for unnormalized continuous variables
and Chi-square test for the categorical variables. 2 One participant was classified as underweight. 3 ‘At risk’
waist circumference  102 cm in men or  88 cm in women.
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Diet Assessment
Diet quality
Participants had diet quality scores from the DST ranging from 24 to 90 out of 105
points and averaged 61.70 ± 12.34, which is at the high end of the “possible-risk” category.
Figure 4 shows the mean score percentage of DST subgroups, protein score, and total DST
score for “not at fall risk,” “at fall risk,” and total participants. Participants in the “not at risk”
category had a higher percentage in whole fruit and juice, total and whole grains, added fats,
sugars, and sweets, and dairy products than participants in the “at fall risk” category. However,
there was no significant association between “not at fall risk” and “at fall risk” in terms of the
mean score percentage of all DST subgroups.

Figure 4. Dietary Intakes of STEADI Categories by DST Subgroups. The mean percentages
of dietary intake ranged from 0 – 100% per STEADI categories (“not at fall risk’ and ‘at fall
risk’) for all DST subgroups. The percentage of the DST subgroup was calculated in each fall
risk category as [participants’ score for DST subgroup/ Maximal possible subgroup score] x
100. The mean is calculated from the percentage of DST subgroups within each STEADI
category. Wilcoxon test was used to test the significance between STEADI categories.
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Nutrition risk
Based on the DST scores, 39.5% of participants were classified as nutritionally being
“at-risk,” 46.1% were at “possible-risk,” and 14.4% were “not-at-risk”. There were no
differences in rates of nutrition risk between men and women (59.26 ± 2.08 vs. 69.25 ± 0.98, p
= 0.12). Protein scores ranged from 0 to 24 points and averaged 13.13 ± 4.71 out of a possible
score of 30. Men, on average, had higher protein intakes than women (14.80 ± 0.79 vs. 12.76
± 0.37, p=0.02).
Seventy-nine participants (41.2%) indicated they used a multivitamin and mineral
supplement. Numerically, more women than men took a supplement, but it was not statistically
different (81% vs. 18%, p=0.82). Participants who were considered “not at fall risk” had higher
mean DST scores (diet quality) and protein scores, but there was no statistical significance
(p=0.97, p=0.27). There were no significant differences between “not at fall risk” and “at fall
risk” in terms of DST total score (p=0.97), protein score (p=0.27), multivitamin use (p=0.73),
and DST risk categories (p=0.63). The means and frequencies of dietary components in
STEADI fall risk categories are shown in Table 2.
Table 2. Baseline Diet by STEADI Fall Risk Category
Total (n=180)

Not at fall
risk (n=65)

At fall risk
(n=115)

p-value1

Diet Quality, Protein Intake, & Vitamin D
p=0.97
DST Score (0-105)
61.69 ± 12.51
63.08 ± 1.55
60.91 ± 1.17
p=0.27
DST protein score (0-30)
12.84 ± 4.63
12.86 ± 0.58
12.83 ± 0.43
p=0.73
Multivitamin use (yes)
75 (41.7%)
26 (40.0%)
49 (42.6%)
DST nutrition risk categories
At-risk (< 60)
71 (39.5%)
23 (35.4%)
48 (41.7%)
Possible risk (60-75)
83 (46.1%)
31 (47.7%)
52 (45.2%)
p=0.63
Not-at-risk (>75)
26 (14.4%)
11 (16.9%)
15 (13.0%)
Values are mean  SD or n (%). Abbreviations: DST = Dietary Screening Tool. 1 Significance criterion
alpha for all tests was 0.05, and the statistical trend was declared when p<0.1 with t-test for normalized
continuous variables and Wilcoxon test for unnormalized continuous variables and Chi-square test for the
categorical variables.
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Fall Assessments
According to the STEADI algorithm, 65 participants answered “no” to all three
questions and were categorized as “not at-risk” for falls. Among participants who answered
“yes” to any of the three questions (n=115) and then were categorized as “at fall risk,” there
were 62 participants who answered “yes” to one of the questions, 33 participants who answered
“yes” to two questions, and 20 participants who answered “yes” to all three questions. The
summary of the number of participants who answered STEADI questions is illustrated in Table
4.
There were no associations found between gender, race/ethnicity, education level, and
income and STEADI risk categories. The means and distribution of STEADI fall risk factors,
functional measures, and physical activity are shown in Table 3. There were more fall risk
factors such as taking  4 medications, arthritis, stroke, diabetes, incontinence, being
overweight or obese, and higher depression scores in the “at fall risk” group compared to the
“not at fall risk” group. None of the fall risk factors had a significant association with STEADI
categories. In terms of functional measures, handgrip strength, FTSTS, TUG, and gait speed
did not show a significant difference between STEADI groups. Only the FSST had a statistical
trend (p=0.083). Specifically, 11.8% of people in the “at fall risk” category had a greater risk
of one or more future falls, while only 3.6% of people in the “not a fall risk” category had a
greater risk of one or more future falls.
Table 3. STEADI Fall Risk Screening in Participants (N=180) of a Falls Prevention Intervention
STEADI Categories
Not at fall risk
At fall risk
STEADI Questions
Answered “yes” to one of the questions
Fell within a past year only
Fear of falling only
Unsafe or unsteady while walking
Answered “yes” to two of questions
Fell within the past year & fear of falling
Fell within the past year & unsafe or unsteady while walking
Fear of falling & unsafe or unsteady while walking
Answered “yes” to three of questions
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Number of Participants
65
115
62
27
31
4
33
19
5
9
20

Table 4. Fall Risk Factors by STEADI Risk Category in Participants (N=180) of a Falls Prevention Intervention
Total
(n=180)
Fall Risk Factors
Age
70.95 ± 9.03
Takes  4 medications (yes)
113 (62.8%)
Arthritis (yes)
112 (64.4%)
Stroke (yes)
12 (6.9%)
Diabetes (yes)
45 (26.0%)
Parkinson (yes)
1 (0.6%)
Incontinence (yes)
123 (68.3%)
Body Mass Index (BMI)2
Normal weight (18.5-24.9 kg/m2)
33 (18.5%)
Overweight (25.0-29.9 kg/m2)
60 (33.7%)
2
Obesity (≥30 kg/m )
84 (47.2%)
3
WC ‘At Risk’
118 (66.3%)
Depression (0-15)
2.02 ± 2.02
Cognition (0-6)
5.75 ± 0.61
Functional Measures and Physical Activity
25 (14.5%)
Handgrip Strength4
5
123 (77.9%)
FTSTS (>15 seconds)

Not at fall risk
(n=65)

At fall risk
(n=115)

p-value1

70.71 ± 9.51
38 (58.5%)
41 (64.1%)
3 (4.8%)
15 (24.2%)
0
46 (70.1%)

71.08 ± 8.79
75 (65.2%)
71 (64.6%)
9 (8.1%)
30 (27.0%)
1 (0.9%)
77 (67.0%)

p=0.64
p=0.37
p=0.95
p=0.40
p=0.68
p=0.46
p=0.60

12 (18.8%)
19 (29.7%)
32 (50.0%)
44 (68.8%)
1.77 ± 2.04
5.81 ± 0.53

21 (18.4%)
41 (36.0%)
52 (45.6%)
74 (64.9%)
2.16 ± 2.00
5.71 ± 0.65

12 (18.8%)
42 (75.0%)

13 (11.9%)
81 (79.4%)

p=0.49

p=0.60
p=0.13
p=0.21
p=0.22
p=0.52

FSST (> 15 seconds)6
14 (8.9%)
2 (3.6%)
12 (11.8%)
p=0.083
18 (28.1%)
32 (28.1%)
50 (28.1%)
p=0.99
TUG (≥ 12 seconds)7
8
20 (31.3%)
40 (33.7%)
60 (33.7%)
p=0.60
Gait speed (< 1 m/s)
Total physical activity
162.67 ± 304.24 139.25 ± 226.11
175.71 ± 340.38
p=0.86
(minutes/week)
Values are mean  SD or n (%). Abbreviations: STEADI = Stopping Elderly Accidents, Deaths, and Injuries; BMI =
Body Mass Index; WC = Waist Circumference; FTSTS = Five Times Sit-to-Stand; FSST = the Four-Square Step
Test; and TUG = Timed Up and Go test. 1Significance criterion alpha for all tests was 0.05, statistical trend was
declared when p<0.1 with t-test for normalized continuous variables and Wilcoxon test for unnormalized continuous
variables and Chi-square test for categorical variables. 2One participant was classified as underweight. 3‘At risk’ waist
circumference  102 cm in men or  88 cm in women. 4 Cut-off points of ≤ 25.8 kg for men and ≤ 17.4 kg for muscle
strength problem. 5 Cut-off points for greater risk of having one or more future falls. 6 Cut-off points for being a
multiple faller. 7 Cut-off points for greater risk of having one or more future falls. 8 Cut-off points of gait speed for
greater risk of having one or more future falls.

Relationship between Diet and Functional Measures and Fall Risk
Correlations (r) of total DST scores and protein scores with fall risk factors are listed
in Table 4. The DST scores were positively correlated with total physical activity (r=0.1648,
p=0.029), and negatively correlated with BMI (r=-0.1496, p=0.040) and depression (r=-0.1433,
p=0.048). The DST protein scores were positively correlated with total physical activity
(r=0.2025, p=0.0072). None of the functional measures or fall events were significantly
correlated with either DST total scores or protein scores.
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Table 5. Relationship between Sociodemographic Variables, and Functional Measures, and Physical
Activity and Diet
DST total scores (0-105)
r (p-value)1

DST protein scores (0-30)
r (p-value)1

Sociodemographic Variable
Age
0.1211 (p=0.094)
- 0.02 (p=0.78)
BMI (kg/m2)
- 0.1496 (p=0.04)
- 0.1349 (p=0.062)
Depression (0-15)
- 0.1433 (p=0.048)
0.0257 (p=0.62)
Cognition (0-6)
0.0544 (p=0.46)
- 0.1025 (p=0.16)
Fall Events
Fall history1
0.0493 (p=0.50)
- 0.0273 (p=0.71)
Fall injury2
- 0.0418 (p=0.57)
- 0.0723 (p=0.32)
Functional Measures & Physical Activity
Grip strength (kg)
- 0.0052 (p=0.94)
0.1359 (p=0.067)
FTSTS (seconds)
- 0.0049 (p=0.95)
0.0811 (p=0.30)
Gait speed (meters/seconds)
0.0785 (p=0.28)
0.0235 (p=0.75)
FSST (seconds)
- 0.0042 (p=0.96)
- 0.1073 (p=0.17)
TUG (seconds)
- 0.0282 (p=0.70)
0.0006 (p=0.99)
Total Physical Activity (minutes)
0.1648 (p=0.029)
0.2025 (p=0.0072)
Values are r (correlation). Abbreviations: BMI = Body Mass Index; FTSTS = Five Times Sit-to-Stand;
FSST = the Four-Square Step test; TUG = Timed Up and Go test. 1 Significance criterion alpha for all tests
was 0.05, and a statistical trend was declared when p<0.1.

Relationship between Diet and Fall Risk
In each multivariate model in Table 5, the adjusting variables (i.e., BMI, depression,
total physical activity, grip strength, FSST) were used based on the previous significances or
statistical trends of the t-test, Wilcoxon, Chi-square, or Spearman's correlation tests. None of
the primary predictors, such as total DST score or DST protein score, showed a significant
impact on fall risk when adjusted for covariates. In each model, FSST had the smallest
likelihood ratio test p-value indicating the balance problem may be the major component for
affecting STEADI fall risk groups (Model 1: p=0.10, Model 2: p=0.15)
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Table 6.
The
predictor
model

The Relationships of Baseline Diet, Adjustment Variables and STEADI Categories (N=180)
Primary
predictor &
Covariates

β (SE)

Parameter
estimate
p-value1

Model 1

Odds Ratio
(95% Wald
Confidence
Limits)
0.99 (0.96, 1.02)

Likelihood
ratio test
p-value1

Primary: Total
-0.0093 (0.0150)
0.53
0.53
DST score
1. BMI
-0.0358 (0.0312)
0.25
0.96 (0.91, 1.03)
0.25
2. Depression
0.0417 (0.0896)
0.64
1.04 (0.87. 1.24)
0.64
3. Total Physical
0.0003 (0.0006)
0.60
1.00 (0.99, 1.00)
0.57
Activity
4. FSST
-0.5882 (0.3400)
0.14
3.24 (0.68, 15.55)2
0.10
Model 2
Primary: DST
-0.0009 (0.0410)
0.99
0.99 (0.92, 1.08)
0.98
protein score
1. BMI
-0.0331 (0.0316)
0.30
0.97 (0.91, 1.03)
0.29
2. Depression
0.0470 (0.0895)
0.60
1.05 (0.88, 1.25)
0.60
3. Total Physical
0.0004 (0.0006)
0.54
1.00 (0.99, 1.00)
0.53
Activity
4. Grip Strength
-0.0042 (0.0231)
0.86
0.99 (0.95, 1.04)
0.86
5. FSST
-0.5337 (0.4066)
0.19
2.91 (0.59, 14.31)2
0.15
Abbreviations: BMI = Body Mass Index; FSST = the Four-Square Step test. 1 Significance criterion alpha for
all tests was 0.05, and the statistical trend was declared when p<0.1 2 Odds ratio of risk falling in participants
with balance problem to risk of fall in no balance problem- participants was determined.
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CHAPTER 5: DISCUSSION AND CONCLUSION
In this cross-sectional study of community-dwelling older adults participating in a fallprevention intervention (n=192), the diet was not associated with functional measures and fall
risk. However, there was a significant correlation between diet (i.e., diet quality and protein
intake) and minutes of physical activity per week. This finding is consistent with other studies.
In a cross-sectional study of older adults at least 85 years old (n=819), the association between
dietary intake and physical activity were compared [23]. This cross-sectional study found that
the total Elderly Diet Index score was associated with physical activity participating in at least
150 min of moderate-intensity aerobic physical activity or at least 75 min of vigorous-intensity
aerobic physical activity throughout the week (OR = 4.99; 95% CI 3.20 to 7.70) [23]. Elderly
participants who had a higher diet score had about five times the odds of doing 75 minutes of
vigorous exercise during the week than the elderly participants with a lower diet score [23].
This cross-sectional study is consistent with our finding that higher diet quality is correlated
with increased minutes of physical activity.
A significant relationship was not detected between protein intake as measured by the
DST scores and functional measures. Other studies found significant associations of protein
intake with functional measures or falls when those studies measured the actual amount of
protein intake. The Framingham Cohort study (n=807) had estimated total and animal protein
intakes based on the 126-item Willett Food Frequency Questionnaire. That study showed
associations such as higher dietary protein intake decreased the odds of falling, although these
were of borderline statistical significance (OR=0.80, 95% CI: 0.60-1.07), and participants with
a weight loss of ≥ 5% had decreased rates of falls with higher protein intake (p=0.03) [26]. In
another Framingham Offspring Cohort study, the 126-item Willett Food Frequency
Questionnaire was used to examine the associations between protein intake (total, animal, and
plant) and grip strength among 1,746 older adults [8]. As a result, greater protein intake (total
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and animal protein) was shown to be protective against the loss of grip strength (p < 0.05) [8].
Unlike our study, this study identified the sources of protein intake, such as animal or plant
protein. Likewise, distinguishing protein sources made statistically significant results in other
studies [8,26,28]. Our study had only protein sources enumerated from lean protein, dairy
products, and processed meat.
Other studies used a 24-hour recall or a 3-day food record to measure protein intake.
Mishra et al. used 24-hour recall to measure the protein intake for analyzing the association
between protein intake and grip strength [24]. In adults aged 51 years or older (n=4,123),
having at least 25 grams of protein in two or more meals and snacks was not associated with
grip strength, but a positive association was found between grip strength and protein intake in
women with protein intakes in the third and fourth quartiles (mean intakes of 71.4 and 104.1 g,
respectively) compared to the lowest quartile (33.6 g) (p < 0.05) [24]. Another study examined
the associations between protein intake measured by a 3-day food record and functional
measures [7]. Women with higher protein intake (≥1.2 g/kg BW) had better performance in
hand-grip strength (p=0.001) than women with lower protein intake (< 1.2g/kg BW) at the
baseline [7].
It should be noted that in this study, DST asks questions related to protein quality rather
than amount of protein. Other studies used a food frequency questionnaire, food records, or 24hour recalls to assess the amount of protein intake rather than the quality of protein foods
consumed. This can explain why we did not detect a relationship between protein and
functional measures.
In our study, a relationship was not detected between vitamin D and fall risk categories.
STEADI recommends a vitamin D supplement to older adults with vitamin D deficiencies for
fall prevention [32]. In 2012, USPSTF recommended vitamin D supplementations at 600 IU
for adults age 51 to 70 years old and 800 IU for adults older than 70 years to prevent falls in
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community-dwelling adults 65 years or older [34]. However, in 2018, this recommendation
was updated to state that vitamin D supplementation is not recommended to prevent falls
among community-dwelling adults without vitamin D deficiency [32]. When STEADI or
USPSTF made the vitamin D recommendations, the clinical trials with measurements of
dosages of vitamin D were evaluated. Our cross-sectional study had the proxy measure of
vitamin D instead of the dosage amount. Also, STEADI recommendations were focused on
older adults with vitamin D deficiencies. However, our study did not utilize any tools for
identifying vitamin D deficiency in the participants.
Nutrition Risk
In this study population, 39.5% of participants were classified as nutritionally being
“at-risk,” 46.1% were at “possible-risk,” and 14.4% were “not-at-risk”. The proportion of
participants at nutrition risk differed from another study sample. In a study of 204 older adults
in rural areas, 28% were “at-risk,” 46% were in the “possible-risk” category, and 26% were in
the “not-at-risk” category [34]. In a sample of 355 Congregate Meal Site Participants, 36%
were “at-risk,” 39% were at “possible-risk,” and 10% were “not-at-risk” [21]. In the third study
of 392 community-residing older adults, 26% were “at-risk,” 54% were at “possible-risk,” and
20% were “not-at-risk” [39]. Compared to the other three studies, our study had the highest
percentage of “at-risk” group with the smallest population. For all studies, the “possible-risk”
group had the highest percentage compared to “at-risk” and “not-at-risk” groups.
The participants of previous studies were older adults. In the middle-aged population
in West Virginia (n=87), there was different distribution in the DST categories. Compared to
our study, the middle-aged population had a higher percentage of participants “at-risk” (a
64.6%) and a lower percentage of participants at “possible-risk” or “not-at-risk” (35.4%) [38].
When the DST was used on different age groups, the distribution of DST categories was shown
differently.
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Fall Assessment
Our study used cut-off values of functional measures to examine muscle strength,
physical performance, balance, or mobility problems. Other studies use cut-off values
associated with other endpoints. For instance, Vasconcelos et al. had different cut-off values of
gait speed (0.8 m/s) form our study, which used the cut-off value of 1m/s [35]. The cut-off
values by Vasconcelos were intended to identify the mobility limitations [14,45]. Our study
used cut-off points for gait speed related to the risk of having one or more future falls, not
mobility limitations. If we used different cut-off values with proper indicators, the assessment
of functional measures with diet or fall risk could differ.
Strengths and Limitations
A primary strength of this study is that there were objective measures of muscle
strength, physical performance, balance, and mobility. There were some limitations to this
study. First, the population of this study was predominantly Non-Hispanic, white participants
(85.9%), which is a characteristic population for West Virginia (94.6%). Thus, the findings
may not be generalized to other populations or ethnicities. Second, the DST does not measure
the amount of protein consumed. Vitamin D was a proxy measure, while other studies used
food frequency questionnaires or food records. Also, the DST assesses diet quality not the
actual amount of protein intake and vitamin D. Because our study was composed of older adults,
the DST was an effective tool for dietary measurements that could be completed in less than
10 minutes compared to food records or food frequency questionnaires, which usually took a
long time. Even if the amount of protein or vitamin D intake was measured, that amount could
be under- or overreported. Third, this study used three key questions for STEADI fall risk
categories. There is a different measure to categorize STEADI fall risk categories: Stay
Independent, which is composed of twelve questions. If our study was able to use the Stay
Independent: 12-question tool instead of using three key questions, the distribution of fall risk
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categories in STEADI might be different. Lastly, the cross-sectional study characteristics
examine the association, not the causation.
Conclusion
This study did not find a relationship between diet, functional measures, and fall risk.
Our findings contradicted the literature review that higher dietary quality likely leads to better
functional measures (i.e., muscle strength, balance, mobility, and physical performance), which
lead to reduced fall risk. Any nutritional recommendations for fall prevention could not be
made according to our findings. More research on the relationship between nutrition, functional
measures, and fall risk is needed. Different fall screening tools or diet assessments such as food
frequency questionnaires or food records could show different results from our study.
Preferably, prospective studies with the measurements of the actual protein intakes or vitamin
D supplementation are necessary to confirm the presence or absence of these associations.
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Appendix

Table 7. Dietary Screening Tool [45]
DST Component

Point
Classification
Whole fruit and juice
15
(5)
• How often do you usually eat fruit as a snack?
(5)
• How often do you eat fruit (not including juice)?
(5)
• How often do you drink some kind of juice at breakfast?
Vegetables
15
(8)
• How often do you eat carrots, sweet potatoes, broccoli, or spinach?
• How many different vegetable servings do you usually have at your (7)
main meal of the day?
Total and whole grains
15
(5)
• How often do you usually eat whole-grain breads?
(5)
• How often do you usually eat whole-grain cereals?
(5)
• How often do you eat hot or cold breakfast cereal?
Lean Proteins
10
(5)
• How often do you eat chicken or turkey?
(5)
• How often do you eat fish or seafood that is not fried?
Added fats, sugars, and sweets
25
(4)
• How often do you usually eat candy or chocolate?
(4)
• How often do you eat crackers, pretzels, chips, or popcorn?
(4)
• How often do you eat cakes or pies?
(4)
• How often do you eat cookies?
(4)
• How often do you eat ice cream?
• Do you usually add butter or margarine to foods such as bread, rolls, (1)
or biscuits?
• Do you usually add fat (butter, margarine or oil) to potatoes and other (1)
vegetables?
(1)
• Do you use gravy (when available) at meals?
(1)
• Do you usually add sugar or honey to sweeten your coffee or tea?
(1)
• Do you usually drink wine, beer, or other alcoholic beverages?
Dairy
10
(5)
• How often do you drink a glass of milk?
• How many servings of milk, cheese, or yogurt do you usually have (5)
each day?
Processed meats
10
• How often do you eat cold cuts, hot dogs, lunchmeats, or deli meats? (5)
(5)
• How often do you eat bacon or sausage?
Total
100
Dietary Supplement use
+5
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